Infectious bursal disease (IBD) remains one of the most important contributors to economic loss in the poultry industry. The disease primarily affects the bursa of Fabricius of young chickens, resulting in reduced feed efficiency, reduced weight gain, increased mortality, and immunosuppression. 8 Immunosuppression may increase susceptibility to other infectious disease agents. Infectious bursal disease virus (IBDV) is highly contagious and very resistant to disinfectants. Once the virus becomes established on the premises, it tends to persist for a long time. 8 Infectious bursal disease virus, a member of the Bimaviridae, is a double-stranded RNA virus and contains 2 segments designated A and B. 3,5 Genome segment A encodes the structural proteins, VP-2, VP-3, and VP-4. Genome segment B encodes VP-l, a viral polymerase. 6, 8 There are at least two distinct serotypes of IBDV, serotypes 1 and 2. Only serotype 1 viruses cause disease, whereas all known serotype 2 viruses are not pathogenic to chickens. 4 However, both serotypes are widespread in chickens.
Polyclonal and monoclonal antibodies have been developed and used in differentiating IBDV serotypes by the virus neutralization (VN) test. 8 Most IBD field samples cannot be directly used in the VN test. The viruses for the VN test are usually obtained by inoculating field samples into chicken embryos or are adapted to grow in primary cell cultures or mammalian cell lines. 9 The essential element of the VN test requires that the amounts of IBDV or its replication products should be high enough for antigen-antibody reaction and serotype differentiation. Furthermore, the VN test is time consuming and inconvenient.
Early diagnosis of IBD is necessary for the control of the disease, and rapid detection of IBDV and differentiation of IBDV serotypes is warranted. Recently, the polymerase chain reaction (PCR) was applied to the detection of IBDV and resulted in a very specific and sensitive assay. 13 Although both IBDV serotypes were recognized by the PCR technique in that study, the PCR does offer several advantages. First, there is no need to grow or isolate virus from clinical specimens before PCR amplification, which significantly reduces the time and labor. Second, the PCR results in exponential amplification of a specific IBDV cDNA sequence flanked by a pair of primers selected from a known cDNA sequence of IBDV genome. By carefully analyzing the published genomic cDNA sequences from different IBDV strains, 1 or several sets of primers may selectively bind to only 1 serotype. Thus, PCR could be used to differentiate IBDV serotypes. The objective of the present study was to utilize different sets of oligonucleotide primers coupled with a quick tissue digestion protocol in the PCR amplification for rapid differentiation of IBDV serotypes.
The USDA standard challenge strain (STC) and 5 variant strains (A, D, E, G, and GLS-5 a ) of serotype 1 and strain OH of serotype 2 were used. Viruses were propagated in 3-weekold specific-pathogen-free leghorn chickens b by oral inoculation with 1 x 10 5.6 EID 50 viruses of the appropriate strain. Three days after inoculation, the birds were euthanized, and bursae were collected and frozen. at -70 C.
Nucleic acids were extracted by a modified Higuchi method. 12 One gram of bursa was freeze-thawed twice and ho-. mogenized in 9 ml of 0.1 M ethylenediaminetetraacetic acid (EDTA), 0.2 M Tris-HC1 (pH 8.5). The homogenates were centrifuged at 6,000 x g for I minute. Forty-five microliters of the supernatant was added to 5 µl of a 10 x cDNA buffer containing 0.5 M Tris (pH 8.3) 0.75 M KCl, 30 mM MgCl 2 , 100 mM dithiothreitol (DTT), 1 mg/ml proteinase K, and 4.5% Tween 20. The reaction mixture was incubated at 55 C for 1.5 hours.
Reverse transcription was carried out by using IBDV RNA as a template for Maloney-murine leukemia virus (M-MLV) reverse transcriptase in a 20-µl reaction mixture as described previously. 12, 13 Crude bursal extract containing doublestranded IBDV RNA (4µl) was mixed with 1 µl of random hexanucleotides c (30 ng/µl) and 4 µl of H 2 O. The mixture was boiled for 5 minutes and then incubated at 37 C for 5 minutes. One microliter (200 units) of M-MLV reverse transcriptase d was added, along with 10 µl of the cDNA buffer containing 4 deoxynucleotide triphosphates c at a concentration of 1 mM each. The reaction mixture was incubated at 37 C for 60 minutes. An additional 0.5 µl (100 units) of reverse transcriptase was added and incubated for another 30 minutes.
A multiplex PCR was performed using the procedures described previously with some modifications. 12,13 Two separate sets of oligonucleotide primers" were selected from the published cDNA sequence of the large-segment genome of IBDV. Primers 1 and 2 specify a 150-base pair (bp) segment. The sequence of primer 1 (upstream primer) is 5'-CAA-CAGTGTAGTCTCTCCCG-3', and that of primer 2 (downstream primer) is 5'-AGATGTTTGCTGTCATTGAA-3'. 13 Primers 6 and 7 flank a 351-bp sequence. The sequence of primer 6 (downstream primer) is 5'-ACAATCA-CACTGTTCTCAGCC-3', and that of primer 7 (upstream primer) is 5'-ATAGTTGCCACCGTGGATCG-3'. 12 The PCR reaction mixture contained 5 µl of the cDNA reaction mixture from individual strain, 1 µl of primers 1, 2, 6, and 7 at a concentration of 300 ng/µl each, and 20 µl of 5 x PCR buffer containing 50 mM Tris-HC1 (pH 9.0) 250 mM KCl, 7.5 mM MgCl 2 , 0.5% Triton-100,0.05% gelatin, 0.2 mM of each of the four deoxynucleotide triphosphates (dATP, dCTP, dGTP, dTTP), 5 µl of formamide, and 65.5 µl of H 2 O. The mixture was incubated first at 100 C for 1.5 minutes then at 45 C for 1 minute, then 0.5 µl (5 units) of Taq DNA polymerase f was added to the reaction mixture. After addition of 50 µl of mineral oil, the mixture was subjected to 30 cycles of amplification in a programmable thermal cyc1er. g Each cycle consisted of 1 minute at 94 C for denaturation, 1 minute at 45 C for annealing, and 3 minutes at 72 C for primer extension. A final extension step of 5 minutes at 70 C was also included. Negative controls include uninfected bursal DNA and blank tubes containing the reaction mixture without template DNA.
The PCR amplified products (amplicons) were analyzed by gel electrophoresis. A 20-µl sample of the PCR reaction mixture was electrophoresed and separated on a 4% polyacrylamide gel or 4% agarose gel in TBE buffer (0.045 M Tris-borate, 0.01 M EDTA [pH 8.01). After staining with ethidium bromide (1 µg/ml), the PCR products were visualized by viewing the gel with an ultraviolet transilluminator and compared with standard DNA size markers. d To assess the specificity of the primers, the PCR was also performed on nucleic acids extracted from hemorrhagic enteric virus (HEV) of turkeys, h infectious bronchitis virus, i reovirus, Salmonella enteritidis (ATCC 25928), j and Escherichia coli (ATCC 25922). j Viral, bacterial, and cellular DNA were extracted by the methods described previously 13 and subjected to the same reverse transcription and PCR procedures as for IBDV.
Two bands of DNA of the expected size (150 and 351 bp, respectively) from each strain of IBDV serotype 1 (strains STC, A, D, E, G, and GLS-5) were seen on the polyacrylamide gel (Fig. 1) . Only 1 150-bp segment of DNA from strain OH of IBDV serotype 2 was noted on the polyacrylamide gel (Fig. 1) . The identity of the PCR products was further confirmed to be IBDV sequences by directly sequencing the PCR products or by slot-blot hybridization (data not shown). Genomic DNA or RNA from HEV, infectious bronchitis virus, reovirus, S. enteritidis, E. coli, and uninfected bursae was not amplified by 2 sets of primers after 30 cycles of PCR. With a rapid tissue digestion protocol, total time from initial tissue handling to final PCR product required no more than 6 hours. This is the first report of IBDV serotypes 1 and 2 being rapidly differentiated by a multiplex PCR. Primers 1 and 2, amplifying a 150-bp segment of IBDV, are located in the VP-4 region (nucleotide positions 1,730-1,879). 13 Primers 6 and 7, flanking a 351-bp segment, are located in the VP-2 region (nucleotide positions 772-1,122). 12 VP-4 is thought to be a viral proteinase and may contribute to the processing of a precursor polyprotein of VP-2, VP-3, and VP-4. 5 VP-2 constitutes 51% of serotype 1 IBDV proteins and is the major host-protective antigen of IBDV. 2 Virus-neutralizing antibodies to IBDV are induced by VP-2. 2 In addition, only monoclonal antibodies produced against VP-2 can neutralize IBDV. 11 Comparison of nucleotide and amino acid sequences of segment A of 6 different serotype 1 IBDV strains show that although VP-2 is conserved among the strains, there is ; 12,216 bp, . . . , 1,018 bp, 506 bp, 396 bp, 344 bp, 298 bp, 220 bp, 201 bp, 154 bp, 134 bp, 75 bp) ; c, amplicon of standard challenge strain of IBDV serotype 1; d, amplicon of variant strain A of IBDV serotype 1; e, amplicon of variant strain D of IBDV serotype 1; f, amplicon of variant strain E of IBDV serotype 1; g, amplicon of variant strain G of IBDV serotype 1; h, amplicon of variant strain GLS-5 of IBDV serotype 1; i, amplicon of strain OH of IBDV serotype 2; j, negative control without template DNA or RNA. a variable region in the central AccI-SpeI fragment. 1,6,7 A conformational epitope recognized by monoclonal antibodies raised against IBDV is within this variable region. Analysis of nucleotide sequences of the variable region in VP-2 of the OH strain of serotype 2 IBDV and the 6 different IBDV serotype 1 strains revealed at least 90% homology among serotype 1 strains and only 70% homology between serotype 1 strains and the OH strain of serotype 2. In the present study, primers 6 and 7 were designed from the variable region in VP-2 and were able to differentiate IBDV serotypes 1 and 2. Work is also being undertaken to design several different sets of primers for differentiation of IBDV serotype 1 strains.
Because of its sensitivity and specificity, the PCR technique can be used to detect and differentiate IBDV serotypes from clinical samples contaminated with other pathogens. In addition, use of PCR reduces the problems associated with conventional nucleic acid extraction and purification in that just a few copies of target sequences are needed for binding the primers and initiating the amplification reaction. Thus, IBDV-infected bursal specimens could be rapidly digested and processed for PCR without lengthy purification procedures. Another advantage of PCR is that the number of target sequences of IBDV can be exponentially increased to very high levels (10 6 -10 9 copies), so that target sequences can be detected by nonradiolabeled methods, avoiding the biohazard associated with isotopic detection. Since 1985, 10 the PCR has had many research and clinical applications and has become a very valuable tool for the diagnosis of a wide variety of genetic disorders, neoplastic diseases, and infectious diseases. The technique has great potential in the field of clinical microbiology and virology, particularly for the microorganisms that are not in a replication phase or not capable of replication in vitro or in vivo. Within the next couple of years, several PCR assays using unique sets of oligonucleotide primers probably will become the standard method for detecting and identifying specific microorganisms.
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Feline tularemia on Nantucket Island, Massachusetts
John M. Gliatto, John F. Rae, Patrick L. McDonough, James J. Dasbach Tularemia is primarily a disease of wild lagamorphs and rodents but has been reported in many species of domestic and wild animals and is a potentially fatal zoonosis. 5 It is caused by the bacterium Francisella tularensis, a non-sporeforming gram-negative pleomorphic aerobic organism. Modes of transmission are numerous and include bloodsucking arthropods, ingestion of infected ectoparasites, contact with infected vertebrates, inhalation of contaminated dust, and ingestion of infected carcasses, insufficiently cooked infected From the Tufts University School of Veterinary Medicine, Department of Veterinary Pathology, North Grafton, MA 01536 (Gliatto), the MSPCA Nantucket Animal Hospital, Nantucket, MA 02554 (Rae, Dasbach), and the New York College of Veterinary Medicine, Diagnostic Laboratory, Ithaca, NY 14853 (McDonough).
Received for publication March 22, 1993. meat, or contaminated water. 5 Tularemia has been infrequently reported in cats. Most feline case reports have been in reference to the infected cat as a source of exposure for human cases of tularemia. 7, 8, 12, 13 The pathology of tularemia in experimentally infected cats 9 and recently in 4 naturally infected cats 3,14 has been described. This report describes 2 cases of naturally occuring tularemia in cats on Nantucket, an island located south of Cape Cod, Massachusetts.
In the summer of 1989, 2 castrated male cats, 19 years old and the other an adult of uncertain age, were examined because of a sudden onset of anorexia and lethargy. Both cats were allowed to roam freely outside and had a history of being good hunters of small rodents and rabbits. Physical examination revealed fever (40-41 C), dehydration, enlarged submandibular lymph nodes, and multifocal white patches along the glossopalatine arches. A complete blood count on the 9-year-old cat revealed a leukocytosis (23,700 cells/µl)
